The experimentally pathogenesis of Aeromonas hydrophila in Astacus leptodactylus with emphasis on temperature in bacterial pathogenesis by Cookiyae, Arash Sam
 
 (Ph.D 
(Astacus leptodactylus
 
 
 (THC)
 THC
TPP
 ANOVATHC
ANOVATHC
 AB
TPP
AB
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1Cfuml-1
 THC
TPP
 (Astacus leptodactylus
cm
TSA
ppm
p
p
p
p
 (Mcmahon, 1986)
Astacus leptodactylus
(Holdich et al ., 1997)
.(Holdich ,1993 , Ackefors, 2000)
(Astacus  astacus)
(Ackefors , 2000)
                                                
1 - Cray Fish 
2 - Crustacean 
3 -  Acentobacter  
4 - Micrococus 
5 - Citrobacter  
 (Edgerton et al ., 2002a)
(Total Hemocyte concentration)
(Toral protein concentration)
                                                                                                                                                        
1 - Flavobacterium 
2 -  Corenebacterium  
3 - Bacillus  
4 - Micrococous  
5 - Estaphilococus  
6 - Aeromonas hydrophila  
7 - Hemorage 
8 - Septicemia  
9 -  Bacterial hemorrhagic septecemia  
10 - Aeromonad septecemia  
11 - Red sore 
12 - Hepatopancreas 
13 - Gill 
14 - Haert 
15 - Digestive system  
 (reviewed by mantel and farmer , 1988 ; Lucu , 1990 , pequeux , 1995) 
ppt
(Cherkasina , 1975)
(koksal , 1988)
(Koksal , 1988)
(Holdich et al ., 1997)
(Patrick , 1981)
                                                
1 - Hemolamph 
2 -  Urehaline 
3 - Estenohaline  
4 - Gill chambers 
5 -  Moderate 
 metameres
tergum
sternum
peluron
chelae
                                                
1 - Ketin 
2 -  Cephalothorax 
3 -  Abdomen 
4 - Rostroum  
5 -  Carapace 
6 - Antenna 
7 - Antennules 
8 - Pelopode 
 setae
AB
                                                
1 -  Uropod 
2 - Telson  
3 -Gonopore  
 
 Astacus leptodactylus  
Turkish Crayfish
Narrow Clawed Crayfish
(pacifastacus  leniusculus)
(koksal , 1988)
                                                
1 -  Habitat 
2 -  Swamp Crayfish 
 (Holdich  et al ., 1995 a )
(Holdich et al ., 1997)
(Holdich et al ., 1999 ; koksal , 1988)
(Harlioglu and Harlioglu , 2006)
( Harlioglu and Holdich , 2001; Holdich , 2002 ; Skurdal and Taugbol , 2002) 
(Souty  grosset et al ., 2006)
Astacus   astacus)
(Cukerzis , 1988)
(Matinfar , 1999)
                                                
1 - Fecundity 
2 -  Ibirin peninsula 
3 - Lagoons 
4 -  Brood stock 
  
(koksal , 1988) 
(Koksal , 1988)
pH
(Koksal , 1988)
(Kolmykov , 
1999)
pH
(Reynolds , 2002)
(Jussila and Evans , 1996)
                                                
1 -  Baltic sea 
2 - Black sea 
3 - Caspian sea 
 (Perez et al ., 1999 ; Carral et al ., 1992)
(Koksal  , 1988 ; Ackefors , 1989)
(Holdich , 1993)
(Holdich , 2002)
(Huner and Barr , 1991)
(Lowery and Holdich , 1988; Lee and Wickins , 1992 ; Holdich , 1993 ;  
Westman et al ., 1993)
(Koksal , 1988)
                                                
1 -  Incubation  
2 - Turkgulu 
3 -  Paddle wheel 
 Westin and Gydemo , 1986 ; koksal , 1988 ; Dube and  portelance , 1992 ; 
Harlioglu , 1999 ; Turkgolu , 2000)
(Rhodes , 1981 ; perez et al ., 1998 , 1999 ; Henryon and Purvis , 2000)
(Henryon and Purvis , 2000)
(Vorburger and Ribi , 1999 ; Savolainen et al ., 2003)
pH
                                                
1 - Crils 
2 - Tubifex worms  
3 - Blood worms 
4 - Squid fish 
5 - Clams 
 com.bmediawetwe.www
(Saez  Royuela et al ., 2007)
(Gonzales et al ., 2008)
( Gonzales et al ., 2008 ; Gonzales et al ., 
2009)
(Gonzales et al ., 2009)
(Gonzales et al ., 2009)
                                                
1 -  Artemia naupli 
2 - Daphnia 
3 -  Extensive culture 
4 - Artemia cyst 
5 - Artemia decapsulate cyst 
 (Holdich et al ., 1997)
 Abdolmalaki et al ., 2010
(koksal , 
1979)(Harlioglu and Holdich ,  2001)
(Tubiashi et al ., 1970 ; Davis and sizemore , 1982; Edgerton et al ., 2002)
(Edgeron et al ., 2002)
(Thune et al ., 1991)
Scott and Thune , 1986 ; Wong et al ., 1995 ; Webster , 1995 ;Madetoja and 
jussila , 1996)
(Brinlkey et al ., 1976)
(Colwell et al ., 1975 ; Welsh and Sizemore , 1985)
(Lightner , 1977)(Bang , 1970)
(Bang , 1970 ; Lee and pfeifer , 1975 ; Johnson , 1976)
                                                
1 - Bacterimi 
2 - Hemolamph 
3 - Lobster 
4 - Crabs 
5 - peneus shrimp 
 Oidtmann 
, 2000
 .(Oidtmann , 2000
Blair et al ., 1999
(Austin and Autin , 1993 ; khordori and Fainstein , 1988 ; Mathewson and 
Dupont , 1992)
(Otte)
(Brouqui and Raoult , 2001 ; Janda et al ., 1994a; Ko et al ., 2000; Kuhn et al ., 
1994 ; Merino et  al ., 1995 ;  Wadstrom and Ljungh , 1991)
                                                
1 - Aeromonadaceae 
2 -  Gastroenterit  
3 - Celolit  
4 - Menanget 
5 - Self tissue infection  
6 - Peritonit  
7 - Bran chio [olmonary  
8 - Urimic syndrome  
9 - Hemlytic 
 (New , 1995 ; Sung et al ., 2000)
(New , 1995 ; Sahoo et al ., 2007 ; Sung et al ., 2000)
(Sung et al ., 2000)
(Neilsen et al ., 2001)
(Blair et al ., 1999
(0/129)(Hsu et al ., 1984)
(Popoff , 1984)
(Col well et al ., 1986)
                                                
1 - Amphibinreptile  
2 - Mycobacterium rosenbergi  
3 - A. Cavia  
4 - A. Sobria  
5 - Hetrotriphic 
6 -  Vibrionaceae 
 (Colwell et al ., 1986)
(Cipriano , 2001)
Stojanov et al ., 2010
pH
(Hazen et al ., 1978 a)
(Trust et al ., 1974)
(Quaglio et al ., 2002).
(Allan and Stevenson , 1981 , Ljuungh and Wadstrom , 1981 ; Pansare et 
al.,1986) . 
                                                
1 -  Proteobacteria 
2 - Gamaproteobacteria 
3 - Aeromonadales 
4 - Chimiotaxic 
5 -  Hemolysin  
6 - Cytotoxin 
7 - Enterotoxin 
8 - Protease 
 (Meyer , 1970)
SS- layer
(Dooley and Trust , 1988 ; Janda et al ., 1994 b)
(Allan and Stevenson , 1981 ; Thune et al ., 1986 ; Santos  et al ., 1988)
(kanai and  Wakabouashi , 1984 ; Sakai , 1985)
(Cipriano , 2001)
(kawakami and Hoshimoto , 1978)
(Chang and Hung , 1981)
IIa
(Cipriano , 2001)
(Cipriano , 2001)
                                                
1 -  Endotoxin 
2 -  Algae 
3 -  Protosoae 
4 -  Tetrahemna pirphormis  
5 - Mephiophilom espatum 
 ACT 
(Aerolysin related cytotoxic enterotoxin) 
AMP
ALT 1 
(Aheat  labile cytotonic enterotoxin) 
AST-2
(Aheat  stable cytotonic enterotoxin)
  (Cipriano , 2001)
                                                
1 -  Arashidonic acid 
2 - Adnosin Mono Phosphat 
3 -  Aerolysin  
4 -  Glecro phospholipid  
5 - Clostrol 
6 -  Acil tranferas  
7 - Serin proteas  
8 - Hemolysin  
 (Wong et al ., 1995)
Jiravanichpaisal et al ., 2009
Jiravanichpaisal et al ., 2009
(Jiravanichpaisal et al ., 2009
(Cipriano et al ., 2001) 
(Fuentes and perez , 1998)
(Grizzle and Kirya ,1993)
                                                
1 -  Epitelial hyperplasia  
2 -  Leptomenangial  
3 -  Trumbose 
 (Rogers , 1971)
(Larsen and Jensen , 1977)
( Tryptic soy Agar) (Brain  heart infusion agar ) BHIA
                                                
1 - Fruactose 
2 - Galctose 
3 - Maltose 
4 - Manitol 
5 - Terhalose 
6 -  Dexterin 
7 - Glicogen 
8 -  Glucose  
9 - Manose 
10 - Glecrol 
11 - Arabinose  
12 - Salicin  
13 - Celobiose 
14 - Sucrose 
15 - Lactose 
16 - Albomin 
17 - Casaen 
18 - Fibrinogen 
19 - Gelatin  
 (Buller , 2004) 
A
ra
 
M
an
 
O
n
pg
 
O
f G
 
A
es
 
V
P H
r 
U
re
a 
Ci
t 
In
d 
N
it 
A
D
H
 
LD
C 
O
D
C 
H
2S
 
M
o
t 
B
H
 
Ca
t 
O
x
 
G
M
 
Te
st
 
V + + + + + + - - + + + + + - - + + + + - 
A
m
p 
0/
12
9
15
0 
0/
12
9
10
 
N
ac
l 
Te
m
 
D
n
as
 
TC
B
S 
M
CA
 
X
yl
 
Tr
e 
Su
c 
So
r 
Sa
l 
M
al
 
La
c 
in
o
s 
R R R 0-2 4-42 + - + - + + - + + - - A
er
o
m
an
s 
hy
dr
o
ph
ila
 
catoxGmR=V
LDCODCH2s
MotBH= mrUreaCitind
NitADH= AraManof
GAesVPSuc
SorSalMalLacInos
naclTemDnaseMCAxyl
TreAMP0/129, 10 , 
0/129 , 150
pH
                                                
1 - Hemoglubin  
2 - Elastin  
3 -  Cologen 
4 -  Rimler and shotts 
 L
L
L
-
-
(H2s)
(PCR)
(Colberg and Lingg, 1978)
(Bullock and Stuckey , 1977) UV
UV
(Calesante et al ., 1981)
(Esch and Hazen , 1980)
                                                
1 -  Proteus vulgaris 
2 -  Citrobacter 
3 -  Aeromonas salmonicida 
 Co2
    . (Walters and plumb , 1980) 
(Rychlicki  and   Zarnecki , 
1957)
                                                
1 -  Chloromicin 
2 - Acreflavin 
3 -  Betadin 
4 - Rocal 
5 - Formalin  
6 - Cchloramphinicol 
7 - Oxytetracyclin 
8 -  Cholorotetracyclin 
9 - Penecilin 
10 - Streptomicin 
11 - Teramicin  
 (Meyer , 1964 ; Meyer and Collar , 1964)
(Mitchell and plumb , 1980)
(Katae et al ., 1979)
                                                
1 -  Furanas 
2 -  Chloromicitin 
3 - Peromidic acid 
 Edgerton et al ., 2002
a
b
Red sore disease
(Thune et al ., 1991)
(Eaves and ketterer , 1994)
(RLOS)
(ketterer et al ., 1992 ; Owens et al ., 1992 ; Jimenez and Romero , 1997; 
Edgerton and prior , 1999).  
(ktterer  et al ., 1992)
(Jimenez et al ., 1997)
(Edgerton et al ., 1995)
(Thune et al ., 1991)
(mckay and jenkin , 1969)
(Touman off , 1965 , 1966 , 1967 , 1968) 
(Vey et al ., 1975)
(Edgerton et al ., 1995)(Thune et al ., 1991)
                                                
1 - Riketzia 
2 -  P . morgani  
3 - P . aerogenesis 
4 - proteus vulgaris  
5 - P. florsciensis 
6 - P. putida 
 (Vey et al ., 1975)
(Alderman and polglase , 1988 ; Nylund et al ., 1993 ; Furset , 1995)
(Edgerton , 2002)
(Corbel et al ., 2001)
(Wong et al .,1995)
Madetoja and jussila , 1996
(Toumanoff , 1965 ; Toumanoff , 1966 ; Boemarea and vey , 1977 ; Oidtman 
and Hoffmanen , 1999 ; Evans and  Edgerton , 2000 ; Edgerton et al ., 2002b) 
New , 1995 ; Sahoo et al ., 2007 , Sung et al ., 2000)
 
Roberts et al ., 1992 ; Thune et al ., 1993)
                                                                                                                                                        
1 -  A. hydrophila  
2 -  V. mimicus 
3 -  V, chlora 
4 -  Branchiobdella hexodenta 
5-  Aphanomyces astaci 
 (Jiravanichpaisaletal., 2009)
 TSATSA
TSATSA
TSA
 , 2004  Buller
 :A:B
C DE
:F
:G TSI:H
:I
:J
A B
B
BB
 
DC
F G
GH I J
E
 (Buller,2004 
OFVP 
0/129 
150 
0/129 
10 ONPG TCBS TSA 
pHpH
                                                
1 -  Calcium hipochloride 
 100ppmppm)
                                                
1 -  Sodium tiosulfate 
 (Chinain and vey , 1998)
Cfuml-1Cfuml-1
cCfuml-1Cfuml-1
 (ml) 
(ml) 
ml
810
TSABHIA
 (plate count Agar) PCA
TSA
TSA
CFU/ml
 Cfuml-1
TSA 
CFU
ML 1
 TSA
cccc
cc X=
cccc
ccccX=
TSA
TSA
(Saulnier , 2000)
cccc
ccccX=
 pH
pH
(THC)
(Smith and Soderhall , 1983)
EDTA
pH
(Lemoullac et al ., 1977)
(1mm)
 (rpm)
TPP
CUP
CUP
TPP
CUP
 TPP
Tissue pocossor
(dehydration)
 (Clearing)
(Embedding)
 Buller , 2004
VpONPG
v
OFTCBS
O/129 
R R RR 
RV
A
B
A B 
     
G= - SG=  H=
Meg,220)A(Meg,440)(B)(Meg,880)(C)
THC
THC
SG 
G  
H  
H 
G
SG  
AA 
B
C
 THC 
THC 
THC
THC
THC
Cfuml-1Cfuml-1
Cfuml-1Cfuml-1
 THC 
THC
THC
THC
p
ANOVA Oneway  Multiple ComparisonsTukey
 ANOVATHC
ANOVA 
FSig 
THC
THC
THC
THC
THC
THC
THC
THC
THC 
ANOVATHC
)P
 THC
P
Multiple Comparisons
THC
Cfuml-1Cfuml-1Cfuml-1c
Cfuml-1P
THC
P
THC
PTHC
P
P
PTHC
THC
THC
 1449648241262
. .
Mean
S D . .
Mean
S D . .
Mean
S D . .
Mean
S D . .
Mean
S D. .
Mean
S D . .
Mean
S D . .
Mean
S D. .
Mean
S D 
42
33.18
80.33
24.94
28
7.21
39.67
19.50
72.33
15.04
43.33
23.02
119
72.38
90.33
45.78
34
17.34
Control
10.33
3.78
14.67
3.51
30.67
25.69
37
9.84
20.67
5.5
31
15.39
48.67
2.30
42.33
25.77
28.33
11.37
4
1
3 10
CFU
ml
*78.67± 
12.85 
48.67±
26.57 
58± 
28.58 
74± 
41.58 
13.66± 
15.94 
18.67± 
12.85 
39± 
16.09 
52.67± 
±27.53 
19.67 
±15.17
T=25
6
1
3 10
CFU
ml
29
12.12
47
22.60
24
14.93
22.33
14.01
13.33
5.85
25.33
4.50
37.67
35.36
54.67
15.04
35.33
16.16
6
1
3 10
CFU
ml
24.67
11.01
63
34.65
44.33
45.21
32.33
3.21
53.67
30.07
37.33
15.37
29
17.08
31
15.71
95.33
23.18
8
1
3 10
CFU
ml
 (
M
L-
)
Chart Title
× (  cfu/ml- )
× (  cfu/ml- )T=  )
× (  cfu/ml- )
× (  cfu/ml- )
THC
TPP
TPP
( cfu/ml-1)1043
 (cfu/ml-1T=251063
106(cfu/ l-1)3
108 cfu/ l-1)3
 gm/dl
gm/dl
gm/dlgm/dlgm/dl
TPP
TPP
TPP
TPP
TPP 
 gm/dl
gm/dl
gm/dlgm/dlgm/dl
TPP
TPP
TPP
TPP
P
 ANOVA Oneway  Multiple ComparisonsTukey
 ANOVATPP
ANOVA 
FSig 
TPP 
TPP
TPP
TPP
TPP
TPP
TPP
TPP
TPP 
ANOVATPP
PTPP
P
 multiple comparisons
TPPP
TPP
TPP
TPP
TPP
P
 gm/dl
336 240 144 96 48 24 12 6 2 
. .
Mean
S D. .
Mean
S D. .
Mean
S D. .
Mean
S D. .
Mean
S D. .
Mean
S D. .
Mean
S D. .
Mean
S D. .
Mean
S D
1 .5090 .10
1.63
.75
1.23
.55
1.33
.58
1.46
.70
1.90
00
1.96
.60
1.13
.45
Control
1.56
.25
1.06
.28
1.30
.70
1.56
.56
1.70
.20
1.86
.40
1.63
.15
1.36
80
1.50
.30
4
1
3 10
CFU
ml
2.36± 
.30
1.46± 
.23 
1.70± 
.26 
1.03± 
.35 
1.70± 
.20 
1.73± 
.47 
2.23± 
.89 
1.20± 
.36 
1.16± 
.72
T=25
6
1
3 10
CFU
ml
1.40
.52
1.46
64
1.23
.55
1.40
.20
1.30
.26
1.53
.58
1.50
.60
1.43
.47
1.53
.05
6
1
3 10
CFU
ml
.96
.41
1
.10
1.80
.52
1.86
.05
1.50
.34
1.83
.45
1.23
.68
1.70
.26
1.36
.28
8
1
3 10
CFU
ml
 TPP
 Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
Cm
gm
 A
BC
D
Cfuml-1
Cfuml-1
Cfuml-1
A B 
C D
 Cfuml-1Cfuml-1
Cfuml-1
(H&E/Mag,440)
Cfuml-1
 (H&E/Mag,440)
Cfuml-1Cfuml-1
Cfuml-1Cfuml-1
 (H&E/Mag,880)
H&E/Mag,880)
 Cfuml-1
Cfuml-1
Cfuml-1Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1
 (H&E/Mag,880
Cfuml-1
(H&E/Mag,880)
 Cfuml-1Cfuml-1
.(H&E/Mag,880)
. ( H&E/Mag,440
Cfuml-1
Cfuml-1
Cfuml-1Cfuml-1
Cfuml-1
(H&E/Mag,880)
 Cfuml-1
(H&E/Magr, 440)
            
Cfuml-1(H&E/Mag,880)
(H&E/Mag,880)
Cfuml-1
cfuml-1
Cfuml-1Cfuml-1
 Cfuml-1
Cfuml-1(H&E/Mag,880)
 (H&E/Mag,440)
 Edgerton et al ., 2002 , Wong et al .,1995)  
Meyer , 1975,Xia et al ., 2004
Robert et al .,1992
Jiravanichpaisal et al . , 2006 , 2007
(Lavine and Strand , 2002; Cerenius and Soderhall , 2004; Kanost et al ., 2004; 
Meister ,  2004; Jiravanichpaisal et al ., 2006; Strand, 2008; Cerenius et al.,  2008) .
Johansson et al ., 2000
Jussila et al ., 1997; Mix and Sparks , 1980
Person et al .,1987
                                                
1 Anti microbial  peptids 
2 Phagocytosis 
3 Encapsulation 
4 Hematopoietic cells 
 Jiravanichpaisal et al ., 2009
Cfuml-1
AMPs
PLcrustin1
A.hydrophila 
Jiravanichpaisal et al ., 2007
Cerenius and 
Soderhall , 2004
Cfuml-1
Cfuml-1Cfuml-1Cfuml-1
Cfuml-1
Cfuml-1
Cfuml-1THC
P
Cfuml-1THC
Cfuml-1Cfuml-1Cfuml-1
P
Cfuml-1
 P.Semisulcatus
Cfuml-
1
(AMPs
T=
Rodrigues and Lemoullac , 2000
TPP
TPPCfuml-
1Cfuml-1
THC
TPP
Cfuml-1Cfuml-1Cfuml-1
Cfuml-1
Cfuml-1
 THC-TPP
Cfuml-1 )
Edgerton et al ., 1995
Cfuml-1
Cfuml-1
cfuml-1cfuml-1
Cfuml-1Cfuml-1
Cfuml-1Cfuml-1
Australian Fresh Water 
Crayfish
Evans et al ., 1992; Edgerton et al ., 1995
                                                
1 Prevascular cuffing 
2 Antenal gland 
 Jiravanichpaisal et al ., 2009
THC
THC
THC 
TPPTPP 
 THC,TPP
Cfuml-1Cfuml-1 Cfuml-
1
THC
TPP
TPP
 WSD
a
b 
Red  sore disease
9-Abdolmalaki, S., Karimpour, M. and Ghaninejad, D., 2010. Distribution 
and Exploitation of the long-clawed Crayfish Astacus leptodactylus in Iran. 21st 
International Senckenberg Conference. Biology of freshwater Decapod. 
Frankfurt a. m. December 8-10. 
10-Ackefors, G.E.H., 1989. Intensification of European fresh water Crayfish 
culture in Europe. Special session of Crayfish culture of Aquaculture 89, World 
Aquaculture Society. Los Angeles, USA. February13, 29pp. 
11-Ackefors,  H., 2000. Freshwater Crayfish farming technology in the 1990s. a 
Europeannand global perspective. Fish Fisheries1, 337-359. 
12-Albert, M.J., Ansaruzzaman, M., Talakder, K.A., Chopra, A.K., Kuhn, 
I., Rahman, M., Faruque, A.S., Islam, M.S., Sack, R.B., Mollby, R., 2000. 
"Prevalence of Enterotoxin Genes in Aeromonas spp. Isolated from Children 
with Diarrhea, Healthy Controls, and the Environment." Journal of Clinical 
Microbiology, October 2000,38(10), 3785-3790.  
 13-Alderman, D.J. and Polglase, J.L., 1988. Pathogens, parasites and 
commensals. In freshwater Crayfish-Biology, Management and Exploitation . 
(Eds. D.M. Holdich and R.S. Lowery). Croom Helm, London and Sydney. pp. 
167-212. 
14-Allan, B.J., Stevenson, R.M.W., 1981. Extracellular virulence factors of 
Aeromonas hydrophila in fish infections. Can. J. Microbiol. 27, 1114 1122. 
15-Austin, B., Autin, D.A., 1993. Bacterial fish pathogens, second ed.. Disease 
in Farmed Fish and Wild Fish Ellis Horwood, Chichester, United Kingdom. 
16-Bach, R., Chen,P. K., and Chapman, G. B., 1978. Changes in the spleen of 
channel catfish Ictalurus punctatus Rafinesque induced by infection with 
Aeromonas hydrophila. Journal of Fish Diseases. 1, 205 - 217. 
17-Bang, F.B., 1970. Disease mechanisms in crustacean and marine arthropods  
In: Snieszko, S.F. (Ed.), A symposium on Diseases of Fishes and shell fishe  
American Fisheries Society, Washington, Dc, pp. 385-404 . 
18-Blair, I.S., Mcmahon, M.A.S and Mcdowell, D.A., 1999. Food studies 
Research unit , university of ulsterat Jordanstom, co. Antrim, Northern Ireland . 
Aeromonas / introduction 25.  
19-Boemare, N. and Vey, A., 1977. Etude des souches bactériennes isolées 
d'écrevisses Atlantoastacus pallipes Lereboullet atteintes de septicémies et 
d'affections hépato-intestinales. Annales Hydrobiologica. 8(2), 153-162. 
20-Brinkley, A.W., Rommel, F.A., Huber, T.W., 1976. The isolation of vibrio 
parahaemolyticus and related vibriosis from moribund aquarium lobster. Con. J. 
Microbiol. 22, 315-317. 
21-Brouqui, P., Raoult, D., 2001. Endocarditis due to rare and fastidious 
bacteria. Clin. Microbiol. Rev. 14, 177 207. 
22-Buller , B. N ., 2004. Bacterial from Fish and other Aquatic animals: 
apractical identification manul. Aquatic animals Microbiology. 1. Title. 
QR106.  
23-Bullock, G.L. and Stuckey, H.M., 1977. Ultraviolet treatment of water for 
destruction of five gram-negativen bacteria pathogenic to fishes. Journal of the 
Fisheries Research Board of Canada. 34, 1244-1249. 
24-Calesante, R.T., Edgerton-Heg, R., Ehlinger, N. and Youmans, N., 1981. 
Cause and control of muskellunge fry mortality at Chautauqua hatchery, New 
York. Progressive Fish-Culturist. 43, 17-20. 
25-Carral, J.M., Celada, J.D., Gonzales, J., Gaudisio, V.R., Femandez, R. 
and Lopez-Baisson, C., 1992. Artificial incubation of crayfish eggs 
(Pacifastacus leniusculus Dana) from early stages of embryonic development. 
Aquaculture 104, 261-269. 
26-Cerenius, L., Soderhall, k., 2004. The Prophenoloxidase activating 
system in invertebrates. Immunological Reviews. 198,116-126. 
 27-Cerenius , L., Lee , B.L., Soderhall , K. , 2008. The propo-System pros and 
Cons for Itsrole in invertebrate immunity . Trends immunol. 29,263-271. 
28-Chang, M.C. and Huang, T.C., 1981. Effects of the predation of tetra 
hymena pyriformis on the population of Aeromonas hydrophila. National. 
Science Council Mon. 9, 552-556. 
29-Cherkasina, N. Ya., 1975. Distribution and biology of Crayfishes of genus 
Astacus (Crustacea, Decapoda, Astacidae) in the Turkmen waters of the 
Caspian Sea. Freshwater Crayfish 2, 553 555. 
30-Chinain, M. and Vey, A.,1988. Experimental study of Fusarium 
solani:infections in Astacus leptodactylus and Pacifastacus leniusculus 
(Crustacea, Decapoda). DAO. VOL 5,215-223.                                                     
31-Chopra, A. K. and Houston, C. W.,1999. "Enterotoxins in Aeromonas-
associated gastroenteritis." Microbes and Infection.1,1129-1137. 
32-Chopra, A.K., X.-J. Xu, D. Ribardo, M. Gonzalez, K., Kuhl, J. W., 
Peterson, and Houston,C.W.,2000. "The Cytotoxic Enterotoxin of Aeromonas 
hydrophila Induces Proinflammatory Cytokine Production and Activates 
Arachidonic Acid Metabolism in Macrophages." Infection and Immunity, May 
2000, p. 2808-2818, Vol. 68, No.5. 
33-Cipriano, C.R, Bullock,G.L and. Pyle,W.S., 2001. Aeromonas hydrophila 
And Motile Aeromonad Septicemias Of Fish Disease Leaflet 68. 
34-Colberg,  P.J. and Lingg, A.J., 1978. Effects of ozonation on microbial fish 
pathogens, ammonia, nitrate,nitrite and biological oxygen demand in simulated 
reuse hatchery water. Journal of the Fisheries Research of Canada. 35, 1290-
1296. 
35-Colwell, R.R., Wicks, T.C., Tubiash, H.S., 1975. Acomparative study of 
the bacterial flora of the hemolymph of Callinectes Sapidus. Mar. Fish.Rev. 37, 
29-33. 
36-Colwell,  R.R., Macdonell, M.R., Ley, D.J., 1986. Proposal to recognize the 
family Aeromonadaceae fam. Nov. International journal of medical 
microbiology 26, 19-27. 
37-Corbell, V., Zuprizal, S.Z., Huang, Z., Arcier, J.M. and Bonami, J.R., 
2001. Expermental infection of European crustaceans with white spot syndrome 
virus (Wssv). Journal of fish disease 24, 377-382. 
38-Cukerzis, J., 1988. Astacus astacus in Europe. In: Freshwater Crayfish: 
biology, management and exploitation, P. 309-340(Holdich, D.M., Lowery, R.S. 
eds. Chapman and Hall, London. 
39-Davis, J.W., Sizemore, R.K., 1982. Incidence of vibrio spp. Associated with 
blue crabs Callinectes Sapidus collected from Galveston Bay Texas USA. Appl. 
Environ. Microbiol. 43(5), 1092-1097. 
 40-Dooley, J.S.G., Trust, T.J., 1988. Surface protein composition of 
Aeromonas hydrophila strains virulent for fish: identification of a surface array 
protein. J. Bacteriol.  170, 499 506. 
41-Dube, P. and Portelance, B., 1992. Temperature and photoperiod effects on 
ovarian maturation and egg laying of the Crayfish Orconectes 
limosus.Aquaculture, 102, 161-168. 
42-Eaves, L.E., Ketterer, P.J., 1994. Mortalities in red claw Crayfish Cherax 
quadricarinatus associated with systemic Vibrio mimicus infection. Dis. Aquat. 
Org. 19(3), 233-237. 
43--Edgerton, B., Owens, L., Harris, L., Thomas, A., wing field, M., 1995. 
Ahealth survey of farmed red claw Crayfish, cherax quadriccarinatus 
(Vonmartenz) , in tropical Australia. Fresh water Crayfish 10,322-338. 
44-Edgerton, B.E. and Prior, H.C., 1999. Description of a hepatopancreatic 
Rickettsia-Like organism in the red claw Crayfish, Cerax quadricarinatus. 
Disease of Aquatic organisms 36, 77-80. 
45-Edgerton , B. F. , Evans , L.H., Stephens , F.J., Overstreet , R.M., 2002a.    
Synopsis of    freshwater Crayfish and Commensal Organisms . Aquacultur206,  
57-135. 
46-Edgerton, B.F., 2002. Areview of international biosecurity policy 
development in relation to movements of freshwater Crayfish. Bull. Fr. Peche 
Piscic. 367, 305-312. 
47-Edgerton, B.F., Evans L.H., Stephens F.J., Overstreet R.M., 2002b. 
Synopsis of freshwater Crayfish diseases and commensal organisms. Review 
Article. Aquaculture 206,57-135. 
48-Esch, G.W. and Hazen, T.C., 1980. Stress and body condition in a 
Population of large mouth bass: implication for red-sore disease. Transaction of 
the American Fisheries society. 109, 532-536. 
49-Evans , L.H., Fan , A., Finn, S., 1992 . Health Survey of Western 
Australian fresh Water Crayfish. Curtin university of Technology . Perth, 136 
pp. 
50-Evans, L.H.,Edgerton, B.F., 2000. Pathogens, Parasites and commensals. In 
Holdich D.M. (Ed). Biology of freshwater Crayfish. Blackwell Science 
oxford.isBN 0-632-05431-X,PP.377-438. 
51-Fiorentini, C., Barbieri, E., Falzano, L., Matarrese, P., Baffone, W., 
Pianetti, A., Katouli, M., Kühn, I., Mllby, R., Bruscokini, F., Casiere, A., 
Donelli, G., 1998. Occurrence, diversity and pathogenicity of mesophilic 
Aeromonas in estuarine waters of theItalian coast of the Adriatic Sea. J. Appl. 
Mirobiol. 85, 501 511. 
52-Furset, M., 1995. on The recovery of Astacus  astacus L. Populations after 
an epizootic of the Cray fish plague Aphanomyces astaci ShiKora. Fresh water 
Cray fish 8,565-576. 
 53-Gonz?lez,A.,Celada,J.D.,Gonz?lez,R.,G rc?a, V., Carral, J.M., S?ez-
Royuela, M., 2008.Artemia nauplii and two commercial replacements as dietary 
supplement for juvenile signal Crayfish, Pacifastacus leniusculus (Astacidae), 
from the onset of exogenous feeding under controlled conditions. Aquaculture 
281, 83 86. 
54-Gonz?lez, R., Celada, J.D., Carral, J.M.,   Gonz?lez, A.,     S?ez-Royuela, 
M.,   Garc?a, V.,   2009.  Decapsulated Artemia cysts as dietary supplement for 
juvenile Crayfish (Pacifastacus leniusculus, Astacidae) at different food supply 
frequencies from the onset of exogenous feeding under controlled conditions.  
Aquaculture 295 ,200 204 
55-Gonz?lez, R., Celada, J.D., Garc?a, V., Gonz?lez, A., Carral, J.M., S?ez-
Royuela, M., 2009.  The artificial incubation of Crayfish eggs: review and 
report from an experimental study concerning the effects of offspring (maternal 
or artificial incubation) on the survival and growth of juvenile signal Crayfish 
(Pacifastacus leniusculus, Astacidae). Rev. Fish Biol. Fish. 19, 167 176. 
56-Grizzle, J. M. and Kiryu,Y., 1993. Histopathology of gill, liver and 
pancreas and serum enzyme levels of channel catfish infected with Aeromonas 
hydrophila complex. Journal of Aquatic Animal Health. 5,36 50. 
57-Harlioglu, M. M., 1999. The effect of water temperature on the mating and 
spawning of freshwater crayfish, Astacus leptodactylus (Eschscholtz, 1823). Ege 
University Journal of Fisheries and Aquatic Sciences, 16 (3-4), 309-317. 
58-Harlioglu, M.M., Holdich, D.M., 2001. Meat yields in the introduced 
Crayfish, Pacifastacus leniusculus and Astacus leptodactylus, from British 
waters. Aquac Res 32,411 417. 
59-Harlioglu, M.M.,Harlioglu, A.G., 2006. Tlireat of non-native Crayfish   
species introduction into Turkey:global lessons. Rev Fish Biol Fish 16(2),171-
181.   
60-Hazen, T.C., Raker, M.L., Esch, G.W., Fliermans, C.B., 1978. 
Ultrastructure of red-sore lesions on largemouth bass (Micropterus salmoides) 
association of the ciliate Epistylis spp. and the bacterium Aeromonas 
hydrophila. J. Protozool. 25, 351 355. 
61-Hazen, T.C., Fliermans, C.B., Hirsch, R.P. and Esch, G.W., 1978a. 
Prevalence and distribution of Aeromonas hydrophila in the USA. Journal of. 
Applied and Environmental Microbiology. 36, 731-738. 
62-Hazen, T.C., 1979. Ecology of Aeromonas hydrophila in a south Carolina 
cooling reservoir: Microbial Ecology. 5, 179-195. 
63-Henryon, M., Purvis, I.W. 2000. Eggs and hatchlings of the freshwater 
Crayfish marron (Cherax tenuimanus) can be successfully incubated artificially. 
Aquaculture, 184, 247-254. 
64-Holdich, D.M., 1993. A review of astaciculture: Freshwater Crayfish 
farming. Aquat Living Resour 6,307 317. 
 65-Holdich, D. M., Rogers, W. D. and Reader, J. P., 1995a. Crayfish 
Conservation. Final Project Record. R&D 378. National Rivers Authority. 278 
pp. 
66-Holdich, D.M., Harlioglu, M.M., Firkins I., 1997. Salinity Adaptations of 
Crayfish in British Waters with Particular Reference to Austropotamobius 
pallipes, Astacus leptodactylus and Pacifastacus leniusculus.  Estuarine, Coastal 
and Shelf Science 44, 147 154. 
67-Holdich, D.M., Ackefors, H., Gherardi, F., Rogers, D., Skurdal, J., 1999. 
Native and alien Crayfish in Europe: Some conclusions: Gherardi, F., Holdich, 
D.M. (eds). Crayfish in Europe as alien species. How to make the best of a bad 
situation? Balkema, Rotterdam/ Brookfield, pp. 281-292. 
68-Holdich, D.M., 2002. Present distribution of Crayfish in Europe and some 
adjoining countries. Bull Fr Peche Piscic 367,611 650. 
69-Hsu, T. C.,Shotts,E. B. and Waltman,W. D., 1984. Action of Aeromonas 
hydrophila complex on carbohydrate substrates. Fish Pathology. 20, 23 - 35. 
70-Huner, J.V. and Barr, J.E., 1991. Redswamp Crawfish: Biology and 
exploitation, 3rd edn. The Louisiana sea Grant college program. Center for 
wetland Resources, Baton Rouge, LA, 128pp. 
71-Janda, J.M., Gutheriz, L.S., Kokka, R.P., Shimada, T., 1994a. 
Aeromonas species in septicemia: laboratory characteristics and clinical 
observations. Clin. Infect. Dis.  19, 77 83. 
72-Janda, J.M., Kokka, R.P., Guthertz, l.S., 1994b. The susceptibility of S-
layer-positive and S-layer-negative Aeromonas strains to complement-mediated 
lysis. Microbiologica 140, 2899 2905. 
73-Jimenez, R., Romero, X., 1997. infection by intracellular bacterim in red 
Claw Crayfish, Cherax quadricarinatus (Von Martens), in Ecuador. 
Aquaculture Research. 28, 923-929. 
74-Jiravanichpaisal, P., Luel lee, B. and soderhall, k., 2006. Review cell 
mediated immunity in arthropods: Hematopoiesis, coagulation, melanization and 
opsonization Immunobiology. 211,213-236.  
75-Jiravanichpaisal, P.,Lee, S.Y, kim,Y.A., Andren,T.,  Soderhall.,  2007. 
Antribacterial  Peptiedes in hemocytes and hematopoietic tissue from fresh 
water Crayfish Pacifastacus Leniusculus Characterization and expression 
pattern.Dev.Comp. immunol 31,441-455. 
76-Jiravanichpaisal ,p. , Roos , S., Edsman , L. ,Liu H. , Soderhall , K., 
2009. Ahighly Virulent Pathogen , Aeromonas hydrophila , from the freshwater 
Crayfish pacifastacus Leniusculus : Journal of inVertebrate pathology101,56-66. 
77-Johnson, P.T., 1976. Bacterial infection the blue crab, Callinectes sapidus: 
Course of infection and histhopathology. J. Inverteber. Pathol. 28, 25-36. 
78-Johansson, M.W., Keyser, P., Sritunyalucksana, K. and Soderhall, K., 
2000. Crustacean hemocytes and haematopoiesis. Aquaculture 191, 45-52. 
 79-Jussila, J., Evans, L.H., 1996. On the factors effecting marron, Chrax 
Lenuimanus, growth in intensive culture. Freshwater Crayfish 11, 428-439. 
80--Jussila,J., Jago,J., Tsvetnenko,E., Dunstan, B., Evans,L.H.,1997. Total 
and differential hemocyte counts in western rock lobsters (Panulirus Cygnus 
George) under Post-harvest stress.Mar.and Fresh water Res.48(8), 863-867. 
81- Justine, P. Cray fish basic. www. wet web media.com. 
82-Kanai, K., Wakaboyashi, H., 1984. Purification and some properties of 
protease from Aeromonas hydrophila. Bull. Jpn. Soc. Sci. Fish. 50, 1367 1374. 
83-Kanost, M.R., Jiang, H. Yu XQ. , 2004. innate immune responses of a 
Lepidopteran insect, Manduca Sexta . immunological Reviews. 198, 97-105. 
84-Katae, H., Kuono, K., Takase, Y., Miyazaki, H., Hoshimoto, M. and 
Shimizu, M., 1979. The evaluation of piromidic acid as an antibiotic in fish: An 
invitro and inviro study. Journal of fish disease, 2, 321-335. 
85-Kawakami, H. and Hoshimoto, H., 1978. Occurrence and distribution of 
Aeromonas in surface water and algae in river water. Journal of the faculty of 
Fisheries and Animal Husbandry. Hiroshima university. 17, 155-164. 
86-Ketterer, P.J., Taylor, D.J. and Prior, H.C., 1992. Systemic rickettsia-like 
infection in farmed freshwater Crayfish, Cherax quadricarinatus. In 'Diseases in 
Asian Aquaculture I'. (Eds. M. Shariff, R.P. Subasinghe and J.R. Arthur). Fish 
Health Section, Asian Fisheries Society: Manila, Philippines. pp. 173-179.  
87-Khardori, N., Fainstein, V., 1988. Aeromonas and Plesiomonas as 
etiological agents.  Annu. Rev. Microbiol. 42, 395 419. 
88-Koksal, F., 1979. Z. Naturforsch. A34, 1296pp. 
89-Koksal, G., 1988. Astacus leptodactylus in Europe. In: Holdich DM, Lowery 
RS (eds). Freshwater Crayfish: biology, management and exploitation. Chapman 
and Hall, London, pp. 365 400. 
90-Ko, W.C., Lee, H.C., Chuang, Y.C., Liu, C.C., Wu, J.J., 2000. Clinical 
features and therapeutic implications of 104 episodes of monomicrobial 
Aeromonas. 
91-Kolmykov, V.D., 1999. Description of the long-clawed Crayfish. Population 
in lower Volga Riuer. Caspian Fisheries Research in statute (Casp Nirkh). 
Astrakhan, Russia. 13p. 
92- Kuhn, W., Pach, L., Schmalfeldt, B., Dettmar, P., Schmitt, M., Janicke, 
F. and Graeff, H., 1994. Urokinase (UPA) and PA1-1 Predict survival 
inadvanced ovarian cancer patients (FIGO III) after radical surgery and 
platinum-baced Chemotherapy Gynecol Oncol. 55, 401-409. 
93-Larsen, J.L., Jensen, N.J., 1977. An Aeromonas species implicated in ulcer-
disease of the cod (Gadus morhua). Nord. Veterinaermed. 29, 199 211. 
94-Lavine, M.D., Strand, M.R., 2002. insect hemocytes and their role in 
immunity. Insect biochem. Mol. Biol. 32,1295-1309. 
 95-Lee, J.S., Pfeifer, D.K., 1975. Microbiological Characteristics of Dungeness 
crab (cancer magister). Appl. Microbiol. 30, 72-78. 
96-Lee, D.O.C., Wickins, J.F., 1992. Crustacean farming. Blackwell Scientific 
Publ, Oxford. 
97-Lemoullac, G., Le-Groumellac, M., Ansquer, D., Froissard, S.,Levy, P., 
Aquacop 1977. Haematological and phenoloxidase activity changes in the 
shrimp penaus stylirostris in relation with the moult cycle: protection against 
vibriosis. Fish shellfish Immunol 7,227-234. 
98-Lightner, D.V. ,1977. Vibrio disease of shrimps. In Disease Diagnosis and 
Control in North American Marine Aquaculture (Ed. C.J. Sindermann). 
Elsevier, New York. pp. 31-35. 
99-Liu, H., 2008. Functional studies of some immune relevant genes in a 
crustacean. Acta universitatis upsaliensis. Digital comprehensive summaries of 
Uppsala Dissertations from the faculty of science and technology 453. 61pp. 
100-Ljungh, A., Wadstrm, T., 1981. Aeromonas toxins. Pharmacol. Ther. 15, 
339 354. 
101-Lowery, R.S., Holdich, D.M., 1988. Pacifastacus leniusculus in North 
America and Europe, with details of the distribution of introduced and native 
Crayfish species in Europe. In: Holdich DM, Lowery RS (eds)  Freshwater 
Crayfish: biology, management and exploitation. Chapman and Hall, London, 
pp. 283 308. 
102-Lucu, C., 1990. Ionic regulatory mechanisms in crustacean gill epithelia. 
Comp Biochem Physiol 97a, 297-306. 
103-Madetoja, M., Jussila, J., 1996. gram negative bacteria in the hemolymph 
of noble Crayfish Astacus astacus, In an intensive Crayfish culture system. 
Nord. J. Freshwater Res, 72, 88-90.  
104-Mathewson, J.J., Dupont, H.L., 1992. Aeromonas species: role as human 
pathogens.  In: Remington, J.S., Swartz, M.N. (Eds.), Current Clinical Topics in 
Infectious Diseases, vol. 12e. Blackwell Scientific, Cambridge, pp. 26 36. 
105-Matinfar, A., 1999. Characteristic of Anzaly lagoon Crayfish Astacus 
leptodactylus. Freshwater Crayfish. 12, 937pp. 
106-Mckay, D., Jenkin, C.R., 1969. Immunity in the invertebrates: 2. Adaptive 
immunity in the Crayfish (Paraachaeraps bicarinatus). Immunity 17, 127-137. 
108-Mc Mahon , B.R. 1986. The adaptable Crayfish. Freshwater Crayfish 6 , 
59-74. 
107-Meister , M. ,2004. Blood cells of Drosophila: cell lineages and role in host 
defence. Curr. Opin. Immunol .16,10-15. 
108-Merino, S., Rubiers, X., Knchel, S., Tomàs, J.M., 1995. Emerging 
pathogens: Aeromonas spp.. Int. J. Food Microbiol. 28, 157 168. 
109-Meyer, F.P., 1964. Field treatments of Aeromonas  liquefaciens infection in 
golden shiners. Progressive Fish-culturist. 26, 33-35. 
 110-Meyer, F.P. and Collar, J.D., 1964. Description and treatment of a 
Pseudomonas infection in white catfish. Applied Microbiology. 12, 201-203. 
111-Meyer, F.P., 1970. Seasonal fluctuations in the incidence of disease on fish 
farms pages 21-29, In sinieszko, S.F. ed. A symposium on diseases of fishes and 
shellfishes. American Fisheries Society special publication 5. Bethesda. 
112-Mitchell, A.J. and Plumb, J.A., 1980. Toxicity and efficacy of furanace on 
channel catfish Ictalurus Punctatus (Rafinesque) infected experimentally with 
Aeromonas hydrophila. Journal of Fish disease. 3, 93-99. 
113-Mix, M.C.and Sparks,A.K.,1980. Hemocyte Classification and differential 
counts in Dungeness Crab Cancer magister.j.of invertbr.pathol.35(2),134-143. 
114-New, M.B., 1995. Status of freshwater prawn farming: a review. Aquacult. 
Res. 26, 1 54. 
115-Nielsen, M.E., Hoi, L., Schmidt, A.S., Qian, D., Shimata, T., Shen, J.Y., 
Larsen,  J.L., 2001.  Is Aeromonas hydrophila the dominant motile Aeromonas 
species that cause disease outbreaks in aquaculture production in the Zhejiang 
Province of China?  Dis. Aquat. Organ. 22, 23 29. 
116-Nylund, V., Kirjavainen,j., Tulonen,j.and westman, K.,1993.The spread 
of Crayfish Pla gue (Aphanomyces astaci) and its effects on The noble Crayfish 
(Astacus astacus) population in the Lake or majalrvi waterway in finland in 
1988-1991. Freshwater Crayfish 9,273-279. 
117-Ogara, W. O., Mbuthia, P. G., Kaburia,H. F. A., Sorum,H., Kagunya, D. 
K., Nduthu, D. I. and Colquhoun, D., 1998. Motile aeromonads associated with 
rainbow trout (Onchorhynchus mykiss) mortality in Kenya. Bulletin of the 
European Association of Fish Pathologists. 18, 7 9. 
118-Oidtmann, B., Hoffmann, R.W.,1999. Bacteriological investigations on 
Crayfish. Freshwater Crayfish,12,288-302. 
119-Oidtmann , B., 2000. Diseases in freshwater Crayfish. Institute of zoology, 
Fish Biology and Fish Diseases ,Veterinary faculty, University of Munich, 
Germany, Crayfish conference leeds 26th/27th April 2000. 
120-Otte, E., 1963. Die heutigen Ansichten Uber die Atiologie der Infektiosen 
Bauchwassersucht der Karpfen. Wien. Tieraertzl. Monatsschr. 50, 996 - 1005. 
121-Owens, L., Muir, P., Sutton, D., Wingfield, M., 1992. The pathology of 
microbial disease in tropical Australian Crustacea. In: Diseases in Asian 
Aquaculture 1, Shariff, M., Subasinghe, R.P. and Arthur, J.R.(eds), 165-172. 
Fish health section, Asian Fisheries Society, Manila, Philippines. 
122--Pansare, A.C., Lewis, N.F., Venugopal, V., 1986. Characterization of 
extracellular protease of Aeromonas hydrophila. Agr. Biol. Chem. 50, 1743
1749. 
123-Patrick, W., 1981.  Credit: Mccafferty. Aquatic Entomology 
124-Pequeux, A., 1995. Osmotic regulation in crustaceans. J crust Biol 15,1-60. 
 125-Perez, J.R., Carral, J.M., Celeda, J.M., Munoz, C., Saez- Royuela, M. 
and Antolin, J.I., 1998. Effects of stripping time on the success of the artificial 
incubation of white-clawed Crayfish, Austropotamobius pallipes (Lereboullet), 
eggs. Aquaculture Research, 29, 389-395. 
126-Perez, J.R., Carral, J.M., Celeda, J.M., Munoz, C., Saez- Royuela, M. 
and Antolin, J.I., 1999. The possibilities for artificial incubation of white 
clawed Crayfish (Austropotamobius pallipes ( Lereboullet) eggs: comparison 
between maternal and artificial incubation. Aquaculture, 170, 29-35. 
127-Person, M., Cerenius,L., Soderhall,K., 1987. The influence of hemocyte 
number on the resistance of the fresh water Crayfish Pacifastacus leniusculus 
Dana. To the parasitic fungus Aphanomyces astaci.j. Fish Dis., 10,471-477. 
128-Popoff,  M., 1984. Aeromonas in Bergeys manual. Vol. 1. Ist ed. Williams 
and Wilkins, Md, USA. 
129-Quaglio,  R., Manfrin, A., Nobile, L., Delgado, M.L.,Maxia, M., 
Morolli, C. G., Fioravanti,  M.L., 2002.Bacteriological investigation on 
allochthonous Crayfish inNorthern Italy.Freshwater Crayfish13,280-286.
130-Reynolds,  J.D., 2002. Growth and reproduction. In: Holdich, D.M. Editor, 
Biology of fresh water Crayfish, Black well science Ltd. London. 152-191. 
131--Rhodes, C.P., 1981. Artificial incubation of the eggs of the Crayfish 
Austropotamobius pallipes (Lereboullet). Aquaculture, 25, 129-140. 
132-Roberts, R.J., Frerichs, G.N., Miller, S.D., 1992. Epizootic ulcerative 
syndrome, thecurrent position. In: Shariff, M., Subasinghe, R.P., Arthur, J.R. 
(Eds.), Diseases in Asian Aquaculture. I. Fish Health Section, Asian Fisheries 
Society, Manila, pp. 431 436. 
133-Rodriguez, J. and Le Moullac, G., 2000. state of the are of immunological 
tools and health control of penaeid shrimp. Aquaculture. 191,109-119       
134-Rogers, W. A., 1971. Disease in fish due to the protozoan Epistylis (Ciliata: 
Peritrichia) in the southeastern U.S. Proceedings of the Southeastern 
Association of Game and Fish Commissions. 25, 493 - 496. 
135-Rychlicki, Z. and Zarnecki, S., 1957. Die zator Karpfenaufzucht method 
und deren Einflus auf die Beseitigung der Bauch wassersucht. Z. Fisch.5, 423-
442. 
136-S?ez-royuela, M., Carral, J.M., Celda, J.D., Perez, J.R., Gonzales, A., 
2007. Live feed as supplement from the onest of external feeding of  Juvenile 
signal Crayfish (Pacifastacus Leniusculus Dana. Astacidae) under controlled 
condition. Aquaculture 269, 321-327. 
137-Sahoo, P.K., Pillai, B.R., Mohanty, J., Kumari, J., Mohanty, S., Mishra, 
B.K., 2007. In vivo humoral and cellular reactions, and fate of injected bacteria 
Aeromonas hydrophila in freshwater prawn Macrobrachium rosenbergii. Fish 
Shellfish Immunol. 23, 327 340. 
 138-Sakai, D.K., 1985. Loss of virulence in a protease-deficient mutant of 
Aeromonas salmonicida. Infect. Immun. 48, 146 152. 
139-Santos, Y., Toranzo, A.E., Barja, J.L., Nieto, T.P., Villa, T.G., 1988. 
Virulence properties and enterotoxin production of Aeromonas strains isolated 
from fish. Infect.  Immun. 56, 3285 3293. 
140-Saulnier, D., Haffner, P.H., Goarant, C., Levy, P., Ansquer, D.,2000. 
Experimental infection models for shrimp vibriosis studies: a review 
Aquaculture. 191,133-144. 
141-Savolainen, R., Ruohonen, K., Tulonen, J., 2003. Effects of bottom 
substrate and presence of shelter in experimental tanks on growth and survival 
of signal Crayfish, Pacifastacus  leniusculus (Dana) juveniles. Aquacult. Res. 34 
(4), 289 297. 
142-Schaperclaus, W., Kulow, H. and schreckenbach, K.,1990. Fischkran 
kheiten,5. AufI.Bertin: Akademie-verlag.1123PP. 
143-Scott, J.R., Thune, R.L., 1986. Bacterial flora of hemolymph from red 
swamp Cray fish procambarus  clarkia (girard), from commercial ponds. 
Aguculture 58,161-165. 
144-Shotts, E. B. and Rimler, R., 1973. Medium for the isolation of 
Aeromonas hydrophila. Journal of Applied Microbiology. 26, 550 - 553. 
145-Shotts, E. B., Hsu,T. C. and Waltman, W.D., 1985. Extracellular 
proteolytic activity of Aeromonas hydrophila  complex. Fish Pathology. 20, 37 - 
44. 
146-Skurdal, J., Taugb?l, T., 2002. Crayfish of commercial importance-
Astacus. In: Holdich DM (ed) Biology of freshwater Crayfish. Blackwell 
Scientific Publ, Oxford, pp. 467 510. 
147-Smith, V.J., Soderh?ll, K., 1986. Crayfish Pathobiology: an overview. 
Freshwater Crayfish 6, 199-211. 
148-Soderhall,K.,Smith, V.J., 1983. Separation of the hemochte populations of 
caracinus meanas and other marine decapods, and prophenoloxidase 
distribution. Dev. Comp. Immunol. 7, 229-239. 
149-Soderhall, K., 1988. fungal parasites and other disease on freshwater 
Crayfish. In: Kovanen J, Lappalainen R( eds) Raputalous 2000. Keski-Suomen 
Kalastuspiirin Kalastustoimisto, Tiedotus No. 5, Jyvaskyla, p. 23-46. 
150-Soulty-grosset, C., Holdich, D.M., Noel, P.Y., Reynolds, J,D., Haffner, 
P.,(eds) 2006. Atlas of Cray fish in Europe. Museum national d, Histoire 
naturelle, Paris (patrimonies   naturels,64),187PISBN: 2-85653-579-8                                                            
151-Stojanov , N.P., Dragica stojanovic , R., Ratajac , J.R.I., Pusic , M.K., 
2010. Susceptibility of  Aeromonas hydrophila isolates to antimicrobial drugs. 
Scientific veterinary Institute" Novisad" , Rumenacki Put 20, 21000. 
152--Strand , M.R., 2008 . The insect Cellular immune response . insect 
Sci.15,1-14. 
 153--Sung, H.H., Hwang, S.F., Tasi, F.M., 2000. Responses of giant 
freshwater prawn (Macrobrachium rosenbergii) to challenge by strains of 
Aeromonas spp. J. Invertebr. Pathol. 76, 278 284. 
154--Thune, R.L., Johnson, M.C., Graham, T.E., Amborski, R.L., 1986. 
Aeromonas hydrophila b-haemolysin: purification and examination of its role in 
virulence in O-group channel catfish, Ictalurus punctatus (Rafinesque). J. Fish 
Dis. 9, 55 61. 
155-Thune, R.L., Hawke, J.P., Siebeling, R.J., 1991. Vibriosis in the red 
swamp Crawfish. J. Aquat. Anim. Health 3, 188-191. 
156-Thune, R.l., Stanley, L.A. and Cooper, R.K., 1993. Pathogenesis of gram-
negative bacterial infections in warmwater Crayfish. Annual Review of fish 
disease 3, 37-68 
157-Thune, R.L., 1994. Diseease of Louisiana Crayfish. In: Huner, J.V.(ed), 
freshwater Crayfish in North America, Europe andAustralia food products press, 
Newyork, PP. 117-156. 
158-Toumanoff, C., 1965. infections bacteriennes chez Les ecrevisses: 
Enterobacteriacees,Premiere note: Proteoses. In-certae sedis. BULL.Fr. Peche 
Piscic. 219,41-65.                                                                                                     
159-Toumanoff, C., 1966. infections bacteriennes chez Les ecrevisses: 
Enterobacteriacees, Deuxieme note: Citrobacter, enterobacter, in-certae sedis. 
BULL. Fr. Peche Pisci. 221,117-133.                                                                     
160-Toumanoff, C., 1967. Infections bactériennes ches les écrevisses: troisieme 
note (i) Pseudomonaceae Pseudomonas alcaligenes Monias 1928 et Alcaligenes 
(Bacillus faecalis alcaligenes Petruschky 1896) et quelques bactéries proches:  
In-certae sedis. Bulletin Francais de Pisciculture 227, 45-55.
161-Toumanoff, C., 1968. Infections bacteriennes ches les ecrevisses: troisieme 
note (ii) Pseudomonaceae Pseudomonas alcaligenes Monias 1928 et Alcaligenes 
(Bacillus faecalis alcaligenes Petruschky 1896) et quelques bacteries proches:  
In-certae sedis. Bulletin Francais de Pisciculture 228, 102-111. 
162-Trust, T. J.,Bull, L. M., Currie,B. R. and Buckley, J.T., 1974. Obligate 
anaerobic bacteria in the gastrointestinal microflora of the grass carp 
(Ctenopharyngodon idella), goldfish (Carassius auratus), and rainbow 
trout(Salmo gairdneri). Journal of the Fisheries Research Board of Canada. 36, 
1174 - 1179. 
163-Tubiash, H.S., Colwell, R.R., Sakazaki, R., 1970. Marine vibrios 
associated with bacillary necrosis, A disease of larval and juvenile bivalve 
mollusks. J. Bacterial. 103, 272-273. 
164-Türkgülü,I., 2000. The effect of water temperature on the incubation time 
of freshwater crayfish, Astacus leptodactylus spp. F rat University Graduate 
School of Natural and Applied Sciences. Department of Fisheries. MSc Thesis. 
 165-Unestam, T., 1973a. Fungal disease of crustacean. Revi. Med. Vet. Biol. 8, 
1-20. 
166-Unestam,  T., 1973b.significance of diseases on freshwater Crayfish.      
Freshwater Crayfish1,135-150. 
167-Unestam,T.,1981. Fungal diseases of freshwater and terrestrial crustacean. 
In E.W. Davidson(ed.), Pathogenesis of invertebrate microbial diseases. 
Totowa:Allanheld,osmum.PP.485-507 
168-Vey, A., Boemare, N. and Vago, C., 1975. Recherches sur les maladies 
bacteriennes de l'ecrevisse Austropotamobius pallipes Lereboullet. Freshwater 
Crayfish 2, 287-297.                                                                                                 
169-Vey, A.,1976.mycosis des crustaces.oceanis 3,209-218. 
170-Vey, A.,1978. infections fongiques Chez I-ecrevisse Astacus leptodactylus 
Each.Freshwater Crayfish 4,403-410. 
171-Vey,A., 1986. Disease problems during aguaculture of fresh water 
crustacean. Fresh water Cray fish 6, 212-222.                                                                                            
172-Vorburger, C., Ribi, G., 1999. Aggression and competition for shelter 
between a native and introduced Crayfish in Europe. Freshwater Biology, 42, 
111-119. 
173-Wadstrm, T., Ljungh, A., 1991. Aeromonas and Plesiomonas as food and 
water bornepathogens. Int. J. Food Microbiol. 12, 303 312. 
174-Walters, G.R. and Plumb, J.A., 1980. Environmental stress and bacterial 
infection in channel catfish, Ictalurus Punctatus (Rafinesque). Journal of fish 
biology. 17, 177-185. 
175-Webster, N.S., 1995. The Isolation and Identification of Bacterial Flora 
from the Redclaw Crayfish, Cherax quadrincarinatus. Honours Thesis. James 
Cook University of North Queensland, Townsville, Australia. 111 p. 
176-Welsh, P.C., Sizemore. R.K., 1985. Incidence of bacteremia in stressed 
and unstressed populations of the blue crab, Callinectes sapidus. Appl. Environ. 
Microbiol. 50 (2), 420-425. 
177-Westin, L., Gydemo, R., 1986. Influence of light and temperature on 
reproduction and molting frequency ofthe Crayfish, Astacus astacus L. 
Aquaculture, 52, 43-50. 
178-Westman,K., pursiainen, M. and westman,P.,(eds)1990. status of 
Crayfish stocks,fisheries, diseases and culture in Europe.Report of the FAO 
European inland Fisheries Advisory commission(EIFAC) working party on 
Crayfish. KalatutKimuKsia. FiskundersoKningar (Helsinki)3,1-206. 
179--Westman, K., Savolainen, R., Pursiainen, M., 1993. A comparative 
study on the growth and moulting of the noble Crayfish, Astacus astacus (L.), 
and signal Crayfish Pacifastacus leniusculus (Dana), in a small forest lake in 
Southern Finland. Freshwater Crayfish 9,451 465. 
 180-Wong,F.Y.K.,Fowler,K.,Desmarchelier,P.M.,1995. Vibriosis due to Vibrio 
mimicus in Australion freshwater Crayfish.J.Aguat.Anim  Health 7,284-291. 
181-Wright, L.D. and Snow, J.R., 1975. The effect of six chemicals for 
disinfection of large mouth bass eggs. Progressive Fish-Culturist. 37, 213-217. 
182-Xia, C., Ma, Z.H., Rahman, M.H., Wu, Z. G., 2004. PCR cloning and 
identification of the b-haemolysin gene of Aeromonas hydrophila from 
freshwater fishes in China. Aquaculture 229, 45 53. 
183-Yambot, A.V.and Englis,V., 1994. Aeromonas hydrophila isolated from 
Nile tilapia (Oreochromis niloticus L.) with "Eye Disease". International 
Symposium on Aquatic Animal Health, Seattle, WA (USA), 4 - 8 September 
1994. University of California, School of Veterinary Medicine, Davis, CA. 
p.103.  
 ABSTRACT  
Subject: The experementaly pathogenesis of Aeromonas hydrophila in Astacus 
leptodactylus with emphasis on temperature in bacterial pathogenesis.  
In this study, Foure- hundred freshwater Crayfish (A. leptodactylus) with 
average weight of 25-40g were purchased from Aras damreservours in west 
AzerbayJan province and transported to Iranian Artemia Research Center of 
ouromya province in September 2010. (One hundered Crayfish extra purchased 
for probabally mortality). 
Before implement of experiment the Crayfish were acclimated for ten days. 
These experiments was designed in foure group treatments (Number,1,2,3,4)                           
and one control group (Number 5) in triplicate with 20 Crayfish in each 
repetition prepared of glass aquarium with size (50×40×30cm). Many of 
infected Crayfish were used for isolation of bacteria. Haemolymph sample had 
been gathered from infected Crayfish with cutting their antennules and 
transferred to TSA medium (tryptic soy agar) and then A. hydrophila were 
determined in order to biochemical test. 
The treatments and repetitions has exposed to A. hydrophila. The concentrations 
of the bacteria in 4 treatments were respectively 3×108           (T=10-150C) , 3×106 
(T=250C) 3×106 and 3×104 Cfu mL-1(T=10-150C) (4,2,3 and 1) that were 
prepared in individual containers for exposure of treatments. The control (5) 
prepared without any bacteria and disinfected by oxytetracyclin antibiotic with 
concentration 100 ppm for 24 hours. The hemolymph samples were withdrawn 
from abdominal second segments of Crayfish for measuring of THC and TPC in 
interval hours (2, 6, 12, 24, 48, 96, 144, 240 and 336). For histopatological 
studies, the Crayfish samples fixed in Davidson fixative. The results indicated 
that interval 2 hours after experiment the difference of THC value between 
treatment 4 with control and treatments1,2, and 3 was significant (P<0.05). 
After 48 hours of experiment the difference of THC value between control 
group with treatment 1 ,2 and 3 was significant (P<0.05). The interval 336 hours 
after experiment also the difference of THC value between treatment 2 with 
treatments 1,3 and 4 was significant (P<0.05). The finding of TPP value showed 
that the last time after challenge (336 h) there was significant difference between 
treatment 2 with treatment 4 and control group (P<0.05). In histopathology 
studying, in heaptopancreas observed hemocyte aggregated and necrosis with 
 peknosis nucleus that with increased concentration of bacteria and tempereature, 
The value of hemocyte has increased. Gill revealed necrosis and cell death 
especially with increased concentration of bacteria and temperature. In lower 
concentration of bacteria in heart no difference observed, but with increased 
concentration of bacteria (3×108) the low aggregation of hemocyte observed in 
heart.In treatment 3×106  with high temperature  also distributed of high 
hemocyte in heart was observed. In digestive system didn t appear any 
difference in treatments1and 3 but in concentration of 3×108 Cfu ml- 1 and 3×106 
(T=250C) in digestive system was revealed the low aggregation of hemocyte.                                                          
  
Key words: Astacus leptodactylus, Aeromonas hydrophilia, histopathology, 
total hemocyte count, total protein concentration.  
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